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Using a very simple combinatorial construction, we prove the existence of a binary
simplex code with m codewords for all m 2 1. The problem of the shortest possible

length is left open.

l. Introduction

In a variety of communications problems it is necessary to
have a set of digital sequences, i.e., codewords, where mutual
correlations are as small as possible. In Ref. 1, Theorem 4.1, it
is shown that if {x,, x5, ", x,,, } is any set of m binary
(components +1) codewords of length #n, and if the correlation
between x; = (x;y, -+, x;p) and x; = (x;y, -+, X ) is defined
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as p(x;, xj) (Zk:1 xikxjk)/n, then
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A set of m binary codewords achieving the bound (1) is called
a simplex code. In Ref. 1 it is shown that simplex codes exist
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for an infinite number of values of m. In this article we will
show that simplex codes exist for all m, using a very simple
combinatorial construction, which bypasses the question of
making the codewords as short as possible.

Il. Construction

First we note that if Xy, ", X, is a simplex code with
m=2n then {x,,-'-,x, _,} is a simplex code with
m=2n~- 1,0 we focus our attention on even values of m.

Form the incidence matrix of all the n-subsets of a 2n-set.
It will be a matrix of 0’s and 1’s having 2» rows and (3")
columns. Each row corresponds to an element of the 2n-set,
and in each column the n 1’s mark the elements of the
corresponding n-subset. A good definition for the binomial
coefficient (2) for nonnegative integers a, b is that (3) is the
number of a-subsets of a b-set. For example, when n = 3, the



incidence matrix, easily written in binary lexicographic order,
will be:

In this example, with m
TOWSs!

= 6, we can calculate, for any two
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number of disagreements

Thus, (4 - D)/(4 + D)=-1/5.

In general each element will belong to (2:’1:{) of the n-sets.
Thus, each codeword will have weight (2221). Each pair of
elements will be a 2-subset of (22:3) of the n-sets. Any two
distinct codewords will overlap (both have 1’s) in (*772) of
the columns. The interpretation in terms of sets has made it
easy to evaluate:
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n

By straightforward calculation:
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Ill. Comments

These codewords are at least twice as long as they need to
be — making them shorter will be the subject of a later article.
Meanwhile, this is a good place to observe that these matrices
have complete symmetry with respect to incidence. The code-
words all have the same weight. Any two of them overlap in
the same number of places. Any three of them overlap in the
same number of places. And so on. And all those overlap
numbers are easy to calculate.
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